Graduate School of Engineering, Hokkaido University, West-8, North-13, Kita-ku, Sapporo-shi 060-8628 * National Institute of Advanced Materials Science and Technology , Tsukisamuhigashi 2-17, Toyohira-ku, Sapporo-shi 062-8617 are easily handled in ambient atmosphere, inexpensive and have emit of no toxic exhaust fumes. One of the authors (S. S.) has reported, for the first time, the preparation of TiN and AlN films from titanium tetra-ethoxide and alumi num tri-buthoxide solutions by thermal PECVD.15) The preparation method of these nitride films was developed by examining factors influencing the optimum conditions for the preparation of the films. He extended the work to the preparation of composite nitride films, (Ti1-xAl)N, and studied the effects of the Al content on the mechanical and electrical properties.16) As described above, TiN film coating is useful for cutting tools, but is readily oxidized in use, resulting in the degrada tion of the mechanical properties. Composite TiN/AlN films have the advantage that the alumina formed on oxidation protects the film from the further oxidation. However, the oxidation of exposed surface TiN is not avoided. It is of in terest to produce compositionally graded (CGed) films of AlN-TiN with AlN and TiN on the respective surface and substrate, accompanied by complementary changes of Al and Ti contents in the film. These are expected to show high resistance to oxidation, because if the AlN exposed on the surface is oxidized, the resulting oxidation-resistant alumina covers the film and prevent oxidation of the TiN. This idea can also be applied to the preparation of CGed films of Si3N4-TiN, with the improved hardness and high oxidation resistance of Si3N4. However, it seems difficult to make the compositions of Ti and Al/Si complementarily change in a film of a few microns in thickness. The present report describes the first preparation of compositionally graded 
Characterization
The phases produced on the film were identified by thin film X-ray-diffractometry (XRD) (RIGAKU, Rint 2000) with Cu Ku radiation. The chemical states of N, Ti, Al, Si, , and C were determined by X-ray photoelectron spec troscopy (XPS) (Shimadzu Corporation, ESCA-3200) with Mg Ka radiation. The binding energy of the elements was corrected by reference to free carbon (284.6eV). The rela tive atomic percentage of the elements in the film was calcu lated from their XPS peak area ratios. The surface and cross section of the film were observed by scanning electron microscopy (SEM) (JEOL, JSM-6300F). The thickness of the film was determined from the cross-sectional SEM ob servation. The electrical resistivity of the compositionally graded films was measured parallel to the substrate using a four-probe method at room temperature. Figure 5 shows the composition change of the CGed TiN//AlN film. Much oxygen is also present (42 to 13 at.%) in the film etched for 20min, resulting in an in sufficient region of Ti and N. After 20min etching, the N content is maintained at a level of 34-39 at.%, with the O suddenly decreasing to 13 at.% and leveling off. The Ti content is maintained at 30-34 at. % and decreases gradual ly after 20-100min etching, in contrast to the Al content which complementarily increases from 4 at.% on the sur face to 40 at. % near the substrate. The carbon is maintained at 6-13 at. %, gradually decreasing toward the substrate. It is concluded that the CGed AlN//TiN and TiN//AlN films are formed, with complementarily changing contents of Ti and Al, and vice versa, even though a certain amount of the O and C impurities are present. The bonding states of O were determined from the O1s XPS spectra, showing the presence of TiO2 and Al2O3 at 530.5 and 532.0eV, respec tively, in both films, which also changed complementarily with depth. The existence of TiO2 and Al2O3 was also con firmed by the results in the Ti2p XPS spectrum at about 2.5 eV higher than the Ti2p peak assigned as TiN (called a satel lite peak) and at 532.0eV in the Al2p XPS spectrum of the whole film. The C1s spectra showed the existence of TiC and free carbon peaks at 282.0 and 284.6eV, respectively, in the film rich in TiN. Al4C3 and free carbon peaks were detected at 282.5 and 284.5eV, respectively, in the Al2p and C1s XPS spectra of the film rich in AlN. Figure  7 shows the XRD patterns of CGed SiNx//TiN and TiN//SiNx films prepared from mixed solutions of HMDS and TTEO containing stabilizing TEA. It is seen that the diffraction peaks of TiN appear in both films, but no peak related to silicon nitrides is found. As shown by N15XPS of the etched SiNx//TiN film (Fig. 8) , the Si-N bonding can be recognized at 397.5eV in sample etched for 25min, after which the peak decreases or overlaps with that of Ti-N; a similar trend was seen in Si2p XPS, showing that the Si-N peak appeared at 102.0eV, which became smaller with depth and diminished near the substrate. Therefore, it is concluded that amorphous silicon nitride is formed in the whole film, designated as SiNx. Changes of the concentrations of N, Si, Ti, O, and C with depth in the SiNx//TiN film are shown in Fig. 9 . The first 10 min of etching removed the concentrated impurities O and C from the SiNx surface. After removal of the impurities, the N content increases to 46 at.%, becoming constant with depth. Concomitantly, the Si content rises to 38 at.%, then gradually decreases from 30 at.% over two-thirds of the film depth towards the substrate. The Si content then drops steeply to 3 at.%, in contrast to the Ti which concomitantly increases to 35 at.% near the substrate. The O and C impur ities occur at less than 6 at.% over most of the film depth, but increase slightly near the substrate. Similar trends in the change of the composition were observed in the TiN//SiNx films (Fig. 10) . After removing the contaminating O and C at the TiN surface, the N content becomes almost constant at 44-48 at.% over the whole film. The Ti rises to the rela tively lower level of 26 at.%, decreasing with depth, while the Si exists at 10 at.%, increasing with the decrease of Ti. In both films, the Ti content in the whole film was less than expected, suggesting that this component is more difficult than Si to incorporate into the film. It was found that the compositionally graded SiNx//TiN films, and vice versa, can be formed by liquid injection plasma CVD method using the alkoxide solutions. The O and C impurities result from TiO2/SiO2 and TiC/SiC/free carbon, as indicated by Ti2p, Sit and C1s. XPS spectra. 
